Lactoferrin mRNA in the 21-day-old mouse uterus can be increased several hundredfold by estrogen. The physiological role of lactoferrin in mouse uterus is unclear; however, it can be a useful marker for the estrogen action in the uterus. The structural organization and the chromosome location of the lactoferrin gene are similar to members of the transferrin gene family. At the 5' flanking region of the lactoferrin gene, we have characterized two modules that respond to estrogen and growth factor stimulation. Each module is composed of either overlapping or multiple transcription factor-binding elements. The well-characterized estrogen and growth factor response modules in the mouse lactoferrin gene could serve as the foundation to understand the intricate molecular mechanisms of estrogen action and its relationship to growth factors. -Environ Health Perspect 103(Suppl 7): 17-20 (1995) 
Introduction
Lactoferrin, an iron-binding glycoprotein, was originally found in milk 55 years ago (1) . It was also present in neutrophilic leukocytes, saliva, tears, seminal plasma, uterine fluid, vaginal fluid, and wet surface mucosa (2) (3) (4) . Lactoferrin, together with transferrin and melanoma antigen p97, belongs to a gene family that arose from ancient intragenic duplication 300 to 500 million years ago (5) (6) (7) . The lactoferrin gene was mapped to human chromosome 3 and mouse chromosome 9 (8) . Deduced mouse lactoferrin from the cDNA clone (9) exhibits internal homologies between N-terminal and C-terminal domains similar to those of the human lactoferrin protein (10, 11) . Like transferrin, lactoferrin has two metal-binding sites, each of which can bind a ferric (Fe3+) cation and a bicarbonate anion (10) . This paper was presented at the Symposium on Estrogens in the Environment, III: Global Health Implications held [9] [10] [11] Lactoferrin protein has been reported to have multiple functions. It has a broad spectrum of antimicrobial properties (12) (13) (14) (15) ; other functions, such as promoting DNA synthesis (16) , modulating the immune system (17-23) and inhibiting tumor growth (24) have also been reported. The wide variety of biological functions highlights the importance of the regulation of this gene in individual tissue and cell types. Although many studies have been done on the distribution of the protein, relatively little is understood about the molecular mechanisms that regulate its expression. In the 10 years that our laboratory has been studying regulation of the lactoferrin gene in the mouse uterus, we have found that the gene is a sensitive marker for estrogen in the mouse uterus (9, 25) . Therefore, the expression of the lactoferrin gene in mouse uterus could be a parameter for detecting estrogenic chemicals in the environment. In this review, I will discuss the organization of the gene, the characterization of the estrogen and epidermal growth factor (EGF) response elements, and the gene's potential use in environmental study.
Organization of the Mouse Lactoferrin Gene
The mouse lactoferrin gene is organized into 17 exons interrupted by 16 introns. The size of the exons matches other members of the transferrin gene family and is conserved during evolution (26, 27) . There is strong homology between the pairs of exons and the splicing pattern (Tables  1 and 2 (27) (28) (29) .
Estrogen Regulation of the LactofenTin Gene
The expression of the lactoferrin gene in mouse uterus is especially sensitive to estrogen (4, 9, 25) . Four hours after a 21-day-old mouse was injected with estrogen, the level of lactoferrin messenger RNA (mRNA) increased ( Figure 1) ; with three injections, the level reached up to 300-fold (9 system to study the cross communication between the steroid/thyroid and the second messenger signaling pathways at the gene level.
Marker for Environmental Chemicals
Many environmental chemicals can mimic estrogenic effects in animals, but the pressing concern is whether these estrogenic chemicals pose any threat to human health. Before addressing the risk to human health, several factors should be considered. The level, time, and duration of exposure to these chemicals are critical elements in establishing any biological significance. Therefore, a test is needed to determine these factors; currently in mammalian systems, there is no established marker to monitor the effect of estrogenic chemicals. Based on its sensitivity to estrogen, the lactoferrin gene in the mouse uterus could be a useful marker to measure the effect of estrogenic chemicals. It is possible to use the lactoferrin mRNA and protein as the biochemical markers to determine the dose and duration of the chemicals that mimic the estrogenic effect. The unique organization of the estrogen and mitogen response module in the mouse lactoferrin promoter region serves as a model system to study the cross communication between the steroid receptor and protein kinase pathways.
